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 A naturally occurring element found in soil, rocks, 
groundwater and atmospheric dust

 Resides in Group II of the periodic table, but chemistry 
similar to Al (III), exhibiting a “diagonal relationship” due 
to small ionic radius

Beryllium Geochemistry
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 Identified at 73 US Department of Defense (DOD) 

facilities (USGAO, 2001), 

 At over 300 Department of Energy (DOE) related sites 

including contractors (USDOE, 2010; USGAO, 2001), 

 OSHA identified hundreds of beryllium-use sites across 

the US (USGAO, 2001)

Beryllium Contamination
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 10 CFR 850 release criteria for surface contamination is 

0.2 µg/100cm2

 Furthermore, 10 CRF 850 sets release rates for bulk 

samples at “the concentration level of beryllium in local 

soil at the point of release” 

 Bulk samples are commonly taken when assessing soil 

or facility contamination 

• This presents a problem, especially where natural beryllium levels 

in soils are high, or where Be is present as an impurity rather than 

a commodity. 

Beryllium Surface Contamination
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LLNL S200 Soil Be:Al Study (2007)

Beryllium and aluminum concentrations for 60 S200 soil 

samples analyzed in 2007 (Mullins and Kamerzell, red 

circles considered outliers using a UTL95%,95% = 5.07 x10-5

red dashed line) 
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LLNL Soils 1988-2010

Main site (S200) and annex site (S300)

Higher clay content
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LLNL Air Particulates 1974-2010

Main site (S200) and annex site (S300)
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LLNL Monthly Air Samples 1974-2010

Main site (S200), annex site (S300) and annual average

Downward trend 
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LLNL Annual Air Samples 1974-2010

LLNL air samples and national PM10 data (EPA 2012)

EPA Clean Air Act 1990
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Seasonal Periodicity in Air Samples

Peaks observed in summer, troughs in winter, all years.
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Seasonal Periodicity in Air Samples

Measured Be (LLNL 1973 to 1980), overlaid on local Be-7 

(Feely et al 1989) measurements (Richmond, CA 1973 to 

1977 and Tracy, CA 1977 to 1981)
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 The composition of airborne particulates is typically 

driven by soil resuspension and industrial processes

 It is reasonable to assume that soil, air and surfaces that 

are contaminated with man-made beryllium would have 

elevated beryllium concentrations in relation to these 

analogous elements

 By evaluating the ratio of beryllium to other elements in 

soil and outside air, it is possible to compare natural 

beryllium with process-induced beryllium from facilities

 Using clean LLNL soils we identified good correlation 

between Be and Al, Cs, Eu, Gd, La, Nd, Pr, Sm, Th, Tl

Multi-Element Analysis
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Multi-Element Analysis of Periodicity

Winter, spring and summer ratios of Be/M in airborne 

particulates collected at LLNL during 2008
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Analysis of Facility Carpet Dirt

 Bulk environmental sampling was conducted to 

investigate the presence and relative level of beryllium 

entrained in carpets within LLNL facilities (Sutton 2009)

 Vacuuming found Be between 0.002 to 0.480 µg/100 cm2

(mean: 0.080, median: 0.053, SD: 0.086 µg/100 cm2)

 Compare to the DOE release criterion of 0.2 µg/100 cm2

 In some cases, the beryllium in carpet > RC wrt mass per 

unit area. However, the RC does not explicitly consider 

carpet cleanliness (e.g. dirt loading, dirt composition, 

age, foot traffic, proximity to exterior door/window, 

cleaning frequency)  multi-element analysis



Lawrence Livermore National Laboratory LLNL-PRES-583013
15

Multi-Element Analysis Facility Dust
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 Review of LLNL 2007 study identified 2 areas of 

localized contaminated soil

 Mean S200 soil contains 0.31 mg/kg with S300 higher 

due to higher smectite content

 Mean LLNL air particles contain ~25 pg/m3 Be, well 

below historic levels and requirements

 Downward trend in atmospheric Be likely due to EPA 

CAA implementation in U.S.

 Periodicity each year with seasons due to local 

meteorological phenomena 

Conclusions
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 Multi-element analysis of archived air filter samples 

showed no significant increase in the Be:M ratio during 

Jan, May, Sept months in 2008

• Suggests that periodicity in beryllium levels not related to LLNL 

activities

 Multi-element analysis was used to evaluate carpet dirt 

samples allowing distinction between contaminated 

facilities, clean facilities and tracked beryllium

 This work established new background Be levels for 

LLNL and provides guidance on how other beryllium-

handling facilities should proceed in determining 

background levels with regard to release criteria

Conclusions
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More information on this study can be found in:

 Sutton et al. (2012) Evaluation of historical beryllium abundance in 

soils, airborne particles and facilities at Lawrence Livermore 

National Laboratory, Published in Science of the Total Environment 

437:373-383

More information
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